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Description 

[0001] The present Invention relates to haptic com- 
munications and more particularly to improving the re- 
sponse of haptic devices coupled by way of a telecom- 
munications network. 

[0002] Tactile output from computers has been used 
to enhance game playing to provide a "feel", for example 
vibration, thus adding an additional sensory perception 
to the games. Such outputs have also been used to en- 
able visually impaired people to read documents and to 
feel drawings and the like. The basic operation of hap- 
tics output devices has been described in our co-pend- 
ing European Patent Application No. 01305947.2 which 
disclosed a method for adapting haptic interface output 
characteristics to correct for per-person differences in 
the sense of touch. In a further European patent appli- 
cation no 01307951 .2 there is disclosed a method of en- 
abling reading of the Moon alphabet by use of a haptics 
output device. In the transmission of character sets from 
computers or data stores to haptics output devices there 
is unlikely to be any time critical activity dependant upon 
the output signals. IHowever, where game play is in- 
volved, particulariy if players are competing against 
each other or against the machine in a competitive man- 
ner, transmission delays of forward or reverse force pa- 
rameters may have a significant impact on the sensed 
experience. 

[0003] As game play is more likely to be carried out 
over a connectionless network, for example the Internet 
or world wide web, rather than by a point to point com- 
munications link, signal latency may be introduced 
which can result in an Inconsistency in the sensed 
movement of the output compared with the input. 
[0004] Furthermore, sensory devices require frequent 
updates in both signal directions if the feel of the sensed 
movement and reaction to users response is to be real- 
istic. The number of updates required to maintain real- 
ism, while not a problem where the haptic output device 
is in close proximity and direct connection to the gener- 
ating processor, may result in the communications net- 
work overloading in a very short time and/or may require 
extreme allocations of bandwidth. 
[0005] According to the present invention there is pro- 
vided a method of activating a haptic output device of 
the kind responsive to signals defining directional force 
comprising receiving a series of signals defining a mul- 
tiplicity of data packets, each packet defining a direc- 
tional force applied at one location for transmission to 
the current location, determining from packet data the 
Information defining a position to which a haptic output 
device Is expected to move, using current positional da- 
ta to generate output signals defining force and direction 
and applying a damping factorto said force and direction 
signals to slow the rate of movement from a previously 
defined position towards the current defined position. 
[0006] Preferably the method includes signalling in 
each direction whereby haptic forces applied at one de- 



vice in reaction to an applied force towards the current 
defined position are reflected to a corresponding device 
In the form of current positional signals In a series of 
return data packets. 
s [0007] A feature of the present Invention provides an 
interactive haptk: output temiinal in combination with a 
bi-directional transmission arrangement, the temninal 
comprising at least a haptic output device and control 
means, said control means receiving signals from said 
10 haptic output device to determine a cun'ent position for 
said device, and to determine from signals received 
from said transmission an'angement a preferred current 
position for said haptic output device, said control mean 
detennining an output force and direction required to 
'5 move said haptic output device from the current position 
to the prefen-ed position and further modifying said out- 
put force and direction using a damping factor to slow 
apparent movement between the positions and output- 
ting signals defining the modified force and direction. 
20 [0008] The control means will receive signals from the 
haptic output device containing data defining the posi- 
tion of said device at any particular time and will convert 
said data to signals for transmission to said bi-direction- 
al transmission an^angement at predetennined inter- 
ns vals. 

[0009] The signals defining a preferred current posi- 
tion may be generated by an environment simulator, for 
example a programmed computer, or may be generated 
by a corresponding interactive output tenninai at the op- 

30 posed end of the transmission arrangement. 

[0010] Where a series of packets defining prefen-ed 
position are received, each packet defining a directional 
force applied at one location for transmission to the cur- 
rent location, the control means may include means to 

35 detemnlne from packet data the sequence of transmis- 
sion and re-ordering the data into a numerically correct 
series, extrapolating from previously received packets 
an anticipated linear movement to be defined by subse- 
quently received packets and applying output directlon- 

40 al force signals corresponding to said anticipated linear 
movement in respect of any missing data packet. 
[0011] A haptics communications system using the 
method of the invention and Incorporating the apparatus 
according to the invention will now be described by way 

45 of example only with reference to the accompanying 
drawings of which: 

Figure 1 is a block schematic diagram of a first hap- 
tics communications system in which a network In- 
50 terconnects an environmental simulation to a hap- 
tics Input/output device; 

Figure 2 is a block schematic diagram of a haptics 
communications system having a plurality of Inter- 
connected haptics input/output devices; 
55 Figure 3 is a schematic diagram of data interchange 
within the system of Figure 2; 
Figure 4 Is a schemata flow chart of the method of 
measuring latency between two locations to effect 
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adjustment of the system of Figure 2; 
Figure 5 is a schematic flow chart of the method of 
calculating forces to be applied locally; 
Figure 6 is a schematic flow chart of one way of 
adapting the calculation of figure 5; and 
Figure 7 shows a further adaptation of the algo- 
rithms of figures 5 and 6. 

[0012) Referring to Figure 1 , in our co-pending Euro- 
pean patent application number 01305947.2, there is 
disclosed a method of providing a haptics output repre- 
sentation of a scene stored, for example, as object mod- 
el data. In this case a processor 1 includes a program 
responsive to the position of a haptics output device (for 
example the Phantom 1.0 Haptic Output device from 
Sense Able Technologies Inc of the USA), to output re- 
action the forces based upon the object model data. The 
object model data stored In a data store 3 could define 
textures, surfaces and locations of fixed or moveable 
objects which could be perceived by a user of the hap- 
tics output interface 2. In some further developments 
disclosed in the preceding application infonnation held 
In a data store 4 based upon a player Identity 6 allowed 
player preferences 7 and a gamma connection factor 8 
to be used to provide appropriate output adjustment to 
ensure that different players have approximately the 
same perception of the output at the haptics output in- 
terface 2. 

[001 3] As disclosed the processor 1 was closely cou- 
pled to the haptics output interface 2 and could therefore 
provide substantially continuous detection of location of 
the user's finger with respect to the x, y, z axes of the 
device thus allowing real time simulation of the environ- 
ment defined by the object model data 3. 
[001 4] As hereinbefore mentioned, once a network 5 
is introduced between the haptics output interface 2 and 
the processor 1 continuous communication of the virtual 
environment and responsive signalling determining the 
user's response and location by way of an input/output 
interface 6 to the processor 1 becomes impractical if one 
requires to update the signalling at substantially contin- 
uous rates. Furthennore, latency introduced to the sig- 
nalling by the network results in an extremely jerky feel 
to the information being transmitted. 
[0015] Turning now to Figure 2, where a plurality of 
haptic output devices 21 , 22 are communicating by way 
of respective input/output interfaces 25, 26 to respective 
processors 23, 24 the problems of network latency and 
signalling limitations become more acute. Thus, if the 
processor 23 receives by way of a network adaptor 27 
signals indicating a position for the haptic output device 
22 and instantly seeks to move the haptte device 21 to 
that position accordingly a substantial jerk in the move- 
ment will be apparent. In any event, the user of the hap- 
tic output device 21 will be applying a backward force 
whteh may inhibit such movement and therefore prevent 
the processor 23 from aligning the position of the haptic 
output device 21 with that of the haptic output device 22. 
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Correspondingly, the processor 23 in measuring the lo- 
cation of the haptic output device 21 will send signals 
back through the network 5 by way of networic adaptor 
28 to the processor 24, which will attempt to make a cor- 

5 responding movement in the haptic output devbe 22. 
Thus, because the communk»tion between haptic de- 
vices 21 and 22 is no longer of a continuous mode but 
is receiving and transmitting positional information at in- 
tervals the experience of the users will be significantly 

10 impaired. In addition, the period of time taken for signals 
to traverse the networic (network latency) will further im- 
pair user perception. 

[0016] Thus considering also Figure 3, it is possible 
to perceive that if at a location A a user locates the haptic 
15 output device 21 "position" and receives a force from 
the haptic output device then the local position data de- 
rived from "position" is derived by the personal computer 
(PC) 23 and transmitted to the networic. At the same time 
remote position data received from the networic is trans- 
lated by the PC 23 into local force data. 
[0017] Corresponding position and force derivative 
data will also be used at location B by the PC 24. 
[0018] In a practical networic the position data and 
force output are transmitted between each end at ap- 
proximately five millisecond intervals. Thus each time a 
new position is received a force is output in an attempt 
to move the output device to a new position, effectively 
with a motor pushing against the local user. In effect the 
user's at each end at positions A and B are coupled to- 
gether and the two-way activity and data transmission 
effectively attempts to move both output devices 21 and 
22 to corresponding positions. This simulates connec- 
tion of the two users in a manner such as if they were 
connected together by some kind of resilience device, 
for example, a spring or flexible rod. Because there Is a 
reactionary force at each end there can be instability be- 
tween the two devices because of the effect of feed back 
loop so that deferred transmission of forces may result 
in an effective positive feedback. 
[0019] In the present invention latency induced insta- 
bility Is damped down by effectively Introducing in the 
PCs 23 and 24 a simulated increase in the inertia of the 
respective connected haptic output device. Accordingly, 
turning to Figure 4, from each of the locations A and B 
the respective local clock 30 of the PCs 23,24 is used 
to detennine the network latency. Thus, from location A 
the time from the local clock is bundled into a transmis- 
sion packet, step 31 , and transmitted at step 32 through 
the networic 5. The packet is received at location B, step 
33, and is immediately retransmitted at step 34 through 
the network 5 and Is again received at step 35 at location 
A the received time stripped out (this being the time at 
which transmission first occunned) and the received time 
is compared again at step 37 with the local clock 30 to 
provide, at step 38, a usable measure of latency of the 
networic 5. 

[0020] Whilst it would be possible to transmit latency 
information across the network so that each end used 
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the same latency, in the case of network variations a 
similar latency measurement may be earned out from 
location 6 as indicated using the respective local clocic 
40 to derive a latency measure by way of steps 41 to 47 
corresponding to those of steps 31 to 37. 
[0021] It will be noted that because only one clock is 
involved in determining the latency measurement syn- 
chronisation of the clocks across the two communicat- 
ing systems is not required. It will of course be appreci- 
ated that the packetisation need not necessarily be of 
specific clock time but may simply be a serial number 
whk:h is transmitted and received and a look up table is 
used to determine the time of transmission of the series 
number packet for comparison with the cun-ent time. 
[0022] Turning now to Figure 5, once the latency in 
each direction has been detennined, two methods of 
countering the latency problem may be used. In one in- 
stance a latency measurement is used to react nega- 
tively at the local end to modify the position data for 
transmission to the opposed end. 
[0023] Considering Figure 5, in a typical haptic cou- 
pling across the networic, local positions derived from 
the haptic output device sensors as Indicated at step 51 
and the remote position received from the networi<, step 
52, are used to calculate differences and to provide dif- 
ference vector (step 53) in respect of the x, y and z co- 
ordinates of the two haptic output devices. The coupling 
strength or resilience of the coupling between the two 
devices is then used (step 54) to cateulate the force re- 
quired to coerce the local haptic device to the relative 
position of the remote device (step 55) so that x, y and 
z vectors can be transmitted to provide the local force 
for motors at step 56. 

[0024] Referring now to Figure 6, particularly in the 
invention , after cateulation of the force required to co- 
erce a local hand piece to the remote hand pieces rela- 
tive position, the position history record detemiining in- 
put movement is used to calculate acceleration, step 57, 
of the local haptic output device and the previously de- 
termined latency measure, step 58, Is used to calculate 
an inertlal value to be added in when detemiining the 
forces to be applied. In the alternative a look up table 
may be used to provide a link between a measured la- 
tency value and an appropriate inertial value. The ac- 
celeration and inertial values can now be used to pro- 
vide an inertial force characteristic which can be used 
In combination with the calculated force for coercing the 
local hand piece to the remote hand piece relative po- 
sition, step 61 , so that the x, y and z forces output to the 
motors of the local haptlcs output device are now ad- 
justed to take account of latency or output. 
[0025] Thus any tendency towards jerkiness is slightly 
smoothed by the introduction of the inertial forces at step 
60 and the probability of the establishment of a feed 
back loop substantially reduced. 
[0026] Turning to Figure 7, In a more complex ar- 
rangement it is possible to introduce in addition to cou- 
pling strengths on latency measurements user prefer- 



ences. Thus, for example, In calculating the force re- 
quired to coerce a local hand piece to the relative posi- 
tion of a remote sensor user preferences may affect the 
coupling strength 54, which can be adjusted (step 70) 
5 to take account of the position history and user prefer- 
ences. 

[0027] The user preferences 72 may also be used to 
amend damping values 73 and dynamic variables 77 in- 
cluding but not limited to acceleration can be calculated 

10 as before with damping force 74 being used to take ac- 
count of local hardware parameters 75 as well as user 
preferences and latency with ail such forces 76 contrib- 
uting to the adaptation of the output signal data to local 
force motors 78. 

15 [0028] The packets carrying the time infonnatlon can 
be the same ones that carry the haptic effector position 
infomiatlon. This has the advantage of ensuring the ap- 
propriate networic stack delays for the position informa- 
tion are included in the measured latency and reduces 

20 the number of packets which need to be sent. 

[0029] There are other physical parameters besides 
mass which could be adjusted to damp latency induced 
Instability. These include friction viscous drag (force pro- 
portional to & opposing velocity) & friction (a force op- 

25 posing velocity and of constant magnitude if velocity 
non-zero, othenvise of equal magnitude to & opposing 
the applied force up to a limit). 
[0030] Instead of using the parameters related to the 
physics of the haptic effector, those related to the cou- 

30 pling between the haptic effectors could be used. For 
example, decreasing the strength with which each ef- 
fector tries to jump to the position of the other can reduce 
instability. 

[0031] The different damping means mentioned 
35 above could be applied In combination as well as Indi- 
vidually. 

[0032] Other methods of haptic transmission (e.g. 
measuring reaction force from the environment at one 
effector, transmitting It and outputting it via the other ef- 
40 fector) could be used Instead of coercing the effector 
handpieces to each-other's position using a simulated 
spring force. 

[0033] Other methods of networking latency meas- 
urement (e.g. ISDN, TCP over IP or RS232 serial over 
45 a modem to modem link over PSTN) could be used in- 
stead of UDP. 

[0034] Other methods of network latency measure- 
ment (e.g. 'ping' time, network performance metrics 
from other computers on the network, or single direction 
so measurement by synchronised clocks) could be used. 
[0035] Other fonns of adjustable Instability suppres- 
sion could be adjusted in response to latency measure- 
ments. 

[0036] The simulated mass (or other damping param- 
55 eter) could be adjusted automatically by means other 
than latency measurement. For example It could be au- 
tomatically increased whenever the onset of oscillations 
indicating instability are detected and gradually de- 
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creased when no instability has been detected for a pe- 
riod of time. 

The fonms of instability damping described could be 
used without the automatic adjustment, e.g. the simu- 
lated mass kept at a value which predefined or set by 
the user. 

[0037] Instability is also affected by how a user re- 
sponds to the effectors motion. In our trials, some users 
were able to learn to dampen some instability them- 
selves. Such users might therefore prefer less damping 
so as to increase speed & detail of feeling at the expense 
of stability. Therefore it is proposed to include in the cal- 
culation of the degree of damping a parameter which 
the user has some control over. 
[0038] Alternatively the system could adapt the de- 
gree of damping to fit the user automatically (e.g. by de- 
creasing the damping until the start of oscillations indi- 
cating instability are detected). 
[0039] The per-user parameters, whether manually or 
automatically set, could be stored for future use. 
The adjustments made to the position parameters can 
be combined with other senses. Most obviously is a vis- 
ual representation of a hapticscene but also with sound, 
smell and other perceptive stimuli. 



Claims 

1 . A method of activating a haptic output device of the 
kind responsive to signals defining directional force 
comprising receiving a series of signals defining a 
multiplicity of data packets, each packet defining a 
directional force applied at one location for trans- 
mission to the current location, detennining from 
packet data the Information defining a position to 
which a haptic output device is expected to move, 
using current positional data to generate output sig- 
nals defining force and direction and applying a 
damping factor to said force and direction signals 
to slow the rate of movement from a previously de- 
fined position towards the current defined position. 

2. The method of claim 1 furtlier including signalling in 
each direction whereby haptic forces applied at one 
device in reaction to an applied force towards the 
current defined position are reflected to a con-e- 
sponding device in the form of current positional sig- 
nals in a series of return data packets. 

3. The method of claim 1 or claim 2 further including 
calculating the damping factor from detennined pa- 
rameters of a transmission networic on which said 
data packets are carried. 

4. The method of claim 3 in which latency of the net- 
work is detennined by transmitting a data packet to 
the networic said packet including a time determi- 
nant identity, reflecting the data packet through the 



networic and comparing the received time with the 
transmitted time to provide a latency parameter 
from which said damping factor Is detennined. 

5 5. The method of claim 4 in which at least some trans- 
mitted packets carrying positional data also Include 
the time detemninant data, some of said time deter- 
minant data being returned to permit updating of the 
latency parameter. 

10 

6. The method of any one of claims 1 to 5 further in- 
cluding applying a weighting factor in addition to the 
damping factor, the weighting factor being derived 
from other parameters of the interconnection such 

'5 as resilience. 

7. The method of any one of claims 1 to 6 further in- 
cluding applying a modifying factor to the force and 
direction signals, said modifying factor being de- 

20 rived from pre detennined user preference data. 

8. An interactive haptic output temninal in combination 
with a bi-directional transmission arrangement, the 
terminal comprising at least a haptic output device 

25 and control means, said control means receiving 
signals from said haptic output device to determine 
a current position for said device, and to determine 
from signals received from said transmission ar- 
rangement a preferred current position for said hap- 

30 tic output device, said control mean detennining an 
output force and direction required to move said 
haptic output device from the current position to the 
preferred position and further modifying said output 
force and direction using a damping factor to slow 

3s apparent movement between the positions and out- 
putting signals defining the modified force and di- 
rection. 

9. A tenninal as claimed in claim 8 in which the control 
40 means receives signals from the haptic output de- 
vice, said signals containing data defining the posi- 
tion of said device at any particular time, said control 
means converting said data to signals for transmis- 
sion to said bi-directional transmission arrange- 

<s ment at predetennined intervals. 

10. A temninal as claimed in claim 8 or claim 9 in which 
the signals defining a preferred cun'ent position are 
generated by an environment simulator, for exam- 

so pie a programmed computer. 

11 . A tenninal as claimed in claim 8 or claim 9 in which 
the signals defining a preferred cunrent position are 
generated by a corresponding interactive output 

55 terminal at the opposed end of the transmission ar- 
rangement. 

12. A tenninal as claimed in any one of claims 8 to 11 
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in which a series of packets defining preferred po- 
sition are received, each packet defining a direc- 
tional force applied at one location for transmission 
to the current location, the control means includes 
means to detennine from packet data the sequence 
of transmission and re-ordering the data into a nu- 
merically con'ect series, extrapolating from previ- 
ously received packets an anticipated linear move- 
ment to be defined by subsequently received pack- 
ets and applying output directional force signals 
corresponding to said anticipated linear movement 
in respect of any missing data packet. 



to 



in which a series of packets defining preferred po- 
sition are received, each packet defining a direc- 
tional force applied at one location for transmission 
to the current location, the control means including 
means to determine from packet data the sequence 
of transmission and re-ordering the data into a nu- 
merically correct series, extrapolating from previ- 
ously received packets an anticipated linear move- 
ment to be defined by subsequently received pack- 
ets and applying output directional force signals 
corresponding to said anticipated linear movement 
in respect of any missing data packet 



13. A method of activating a haptic output device as 
claimed in any one of claims 1 to 7 Including signal- 
ling in each direction whereby haptic forces applied 
at one device in reaction to an applied force towards 
the current defined position are reflected to a cor- 
responding device in the form of current positional 
signals in a series of return data packets. 



is 



20 



1 4. An interactive haptic output terminal in combination 
with a bi-directional transmission arrangement, the 
tenninal comprising at least a haptic output device 
and control means, said control means receiving 
signals from said haptic output device to determine 
a current position for said device, and to detemnine 
from signals received from said transmission ar- 
rangement a preferred cun^ent position for said hap- 
tic output devtee, said control mean detemnining an 
output force and direction required to move said 
haptic output device from the current position to the 
preferred position and further modifying said output 
force and direction by applying a damping factor to 
slow apparent movement between the positions 
and outputting signals defining the modified force 
and direction. 



25 



30 



35 



15. A tenninal as claimed in claim 14 in whrch the con- 
trol means receives signals from the haptic output 
device containing data defining the position of said 
device at any particular time and converts said data 
to signals for transmission to said bi-directional 
transmission an-angement at predetermined inter- 
vals. 



40 



45 



16. A tenninal as claimed in claim 14 or daim 15 in 
which the signals defining a preferred cun-ent posi- 
tion are generated by an environment simulator, for 
example a programmed computer. so 



17. A tenninal as claimed in claim 14 or daim 15 in 
which the signals defining a preferred current posi- 
tion are generated by a con-esponding Interactive 
output terminal at the opposed end of the transmis- 
sion arrangement. 



55 



18. A tenninal as claimed in any one of claims 1 4 to 1 7 



6 



EP1 376 316A1 



Hardware 



Keyboard etc. 
(optional) 



Haptic output 

device 



23 



Processor ^ 

■X. — ' 



I 



Data store 



i/o 



Network f 
adapter 



25 



Keyboard etc. 
(optional) 


Haptic output 
device 










PC ^ 24 





Processor 



r 



Data store 



i/o 



Network 
adapter 



r 




28 



26 



Fig 2 



8 



EP 1376 316 A1 



Location A Location B 



User A 



UserB 



Position 



Haptic output 
device 



Force 



Position 



Force 



Haptic output ]f 
device 



22 



Local position data 



Local position data 



PC \f 24 



Fig 3 




Local force data 



Remote position data 



9 



EP 1376 316 A1 



A Method of Latency Measurement 



At some location 



30 



Local 
Clock 



Packetize 



Transmit 



Receive 



Depacketize 



f 



38 



Compare 
times J 



Latency 
measure 



Receive 



Transmit 



Fig 4 



At another location 




33 



Receive 



34 

Transmiti 



JL 



41 



Pa^tf ge 



Transmit 



Receive 



45 



j: 



Depacketize 



47 



Compare 
times 



40 



Local 
Clock 



46 



48 



Latency 
measure 



10 



EP1 376 316A1 



Local position from sensors | 



52 



Remote position from network 



53 



Calculate difference vector ^ 




55 



Calculate force to coerce local handpiece to 
remote handpiece's relative position 



56 



Local force to motors 



Fig 5 



11 



EP 1 376 316 A1 



54 




r 



52 



I Local position from sensors | Remote position from networl; | 



^ Calcuiate difference vector ^ 



55 



Calculate force to coerce local handpiece to 
remote handpiece's relative position 



56 



Position history 
record 



58 



Latency 
measure 



57 



Calculate 
acceleration 



r 



59 



Calculate or look 
up suitable inertia 
value 



60 



>| Multiply & negate to 
give inert al force 



62 



y 

I Local force to motors"| ^ 



Fig 6 



Add 
forces 



12 



t 



EP 1376 316 A1 



52 



I Local position from sensors | | Remote position from network | 




Latency 
measure 



User 
preferences 



~^ Calculate difference vector ^ 



55 



Calculate force to coerce local handpiece to 
remote handpiece's relative position 



Position history 
records 



56 



77 



Calculate 
dynamic variables 



Calculate or look 
up suitable j 
damping values 
for each damping 
method 



73 



74 



^ Calculate damping 
force 



Hardware y 
parameters 



75 



76 



Fig 7 



Add 
forces 



r 



78 



I Local force to motorsT ^ 



13 



EP1 376 316A1 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



AppOcaiion Ntvnber 

EP 02 25 4458 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with hcfication, where appropriate. 
oi retefvani passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (hitq.7) 



US 6 101 530 A (ROSENBERG ET AL.) 
8 August 2000 (2000-08-08) 



* column 4, line 66 

* column 5, line 54 



1.5,6 



coliuin 5, line 35 * 
line 67; figures 



US 6 366 272 Bl (ROSENBERG ET AL.) 
2 April 2GD2 (2002-G4-O2) 

* column 4, line 21 - line 63 * 

* column 14, line 15 - column 17, line 16 

* column 47, line 20 - column 48, line 36; 
figures 1-3,20 * 

BUTTOLO P ET AL: "Architectures for 
shared haptic virtual environments" 
COMPUTERS AND GRAPHICS, PERGAMON PRESS 
LTD. OXFORD, GB, 

vol. 21. no. 4, 8 July 1997 (1997-07-08), 
pages 421-429, XPOO4O96045 
ISSN: 0097-8493 

* page 426, left-hand column, paragraph 
3.2.1 - page 427, left-hand column, 
paragraph 3.3; figure 9 * 

US 5 959 613 A (ROSENBERG ET AL.) 
28 September 1999 (1999-09-28) 



* column 3, line 54 - 

* column 21, line 13 
11A,11B * 



column 4. line 2 * 
■ line 54; figures 



■/-- 



The present search report has been drawn up for all claims 



1,2. 

8-11, 

13-16 



1.2. 

8-11. 

13-16 



G06F3/eO 



1.3,4, 

8-18. 

14-16 



1.8-10. 
12. 

14-16, IJ 



TECHNICAL nELOS 
SEARCHED (Inta?) 



G06F 
H04L 



BERLIN 



Date ol com^ietion of tho March 

7 November 2002 



Examiner 

Taylor, P 



CATEGORY OF CITEO DOCUMENTS 



X : particufarty relevani if taken abne 
Y : particularty relevant if combined with 

document of the same category 
A : technological background 
O : non-wTitten disctosure 
P : imermediata document 



T : theory or pdndple underlying the invention 
E : earfier patent document, but published on. or 

after the filing date 
0 : document cited in the application 
L : document cited for other reasons 



& : member of tho sama patent family, corrasporxting 
document 



14 



EP 1376 316 A1 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Applicaiion Number 

EP 62 25 4458 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citaton of document nnth indication, where appropriate. 
of relevant passages 



Relevant 
to daim 



CUSSinCATIONOFTKE 
APPUCAT10N {lnta,7) 



WO 01 33760 A (It^lERSION CORP.) 
10 May 2001 (2001-05-10) 

* page 8, line 9 - line 16 * 

* page 10> line 4 - line 19 * 

* page 18, line 7 - page 19, line 8 * 

* page 29, line 32 - page 31. line 2; 
figures 1,2 * 



U3, 
7-10,12, 
14-16.lt 



TECHNICAL RELOS 
SEARCHED (rnLCI.7) 



The present search report has been drawn up for all claims 



Race of search 

BERLIN 



Date of cooiplBtion ol the search 

7 November 2002 



Examiner 

Taylor, P 



CATEGORY OF CITEO OOCUMENTS 

X : particuiarty mievant it tal^n alone 

Y : paniciiarty relevant if combined with another 

document of tf^e same category 
A : techrxiJogical background 
O : non-written disctosure 
P : intermediate document 



T : theory or principle underlying the irtvenlion 
E : ea/lier palerrt document, but published on, or 

after the fifing date 
D : document dted In the application 
L : document cited lor other reasons 

a : member of the same patent fam9y, correspondine 
document 



15 



EP1 376 316A1 



ANNEX TO THE EUROPEAN SEARCH REPORT 

ON EUROPEAN PATENT APPtlCATION NO. EP 02 25 4458 



This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report. 
The members are as oontained in the European Patent Office EOP file on 

The European Patent Office is in no way liable for these particuiars which are merely given for the purpose of information. 

87-11-2002 



Patem document 
cited in search report 



Publication 
date 



Patent f^lly 
fnember{s) 



Publicatbn 
date 



us 


5956484 


A 


21-09-1999 


lie 




D1 


17-04-2001 


AM 


/Sdhq/ 


DO 
DC 


12-67-2001 


All 

AU 




A 


25-02-1998 


EP 


0979444 


Al 


1 ^ AA AAAA 

16-02-2000 


US 


2002138562 


Al 


A^ AA AAA'> 

26-09-2002 


WO 


9806024 


Al 


12-02-1998 


us 


6161126 


A 


12-12-2000 


us 


6125385 


A 


26-09-2000 


us 


6353850 


81 


05-03-2002 


CA 


2239125 


Al 


12-06-1997 


EP 


0864144 


A2 


16-09-1998 


WO 


9721160 


A2 


12-06-1997 


us 


2002109668 


Al 


15-08-2002 


us 


6366272 


81 


02-04-2002 


us 


6317116 


81 


13-11-2001 


us 


6G28593 


A 


22-02-2000 


us 


2001002126 


Al 


31-05-2081 


us 


6078308 


A 


20-06-2000 


us 


AAAAAA1 AAA 

2002021283 


Al 


21-02-2002 


us 


AAAAAP AA^A 

2002050978 


Al 


02-05-2002 


us 


^ A^ A ^ A t 

6028593 


A 


22-02-2000 


us 


5734373 


A 


31-03-1998 


lie 




D 1 

Di 


1 T A>l OAA1 

17-04-2001 


us 


2002021283 


Al 


21-02-2002 


AU 


3129397 


A 


09-12-1997 


EP 


0979500 


Al 


16-02-2000 


wo 


9744775 


Al 


27-11-1997 


us 


6147674 


A 


14-11-2000 


CA 


2233136 


Al 


03-04-1997 


CA 


2239125 


Al 


12-06-1997 


EP 


0852789 


Al 


15-07-1998 


EP 


0864144 


A2 


16-09-1998 


WO 


9721160 


A2 


12-06-1997 


OP 


11514469 


T 


07-12-1999 


us 


6271833 


81 


07-08-2001 


us 


6219033 


81 


17-04-2001 


US 


2002126091 


Al 


12-09-2002 


WO 


9712357 


Al 


03-04-1997 


US 


6348911 


61 


19-02-2002 


US 


6278439 


81 


21-08-2001 


US 


5691898 


A 


25-11-1997 


us 


2002054021 


Al 


09-05-2002 


us 


5959613 


A 


28-09-1999 


us 


2001002126 


Al 


31-05-2001 



us 6101536 



08-08-2060 



us 6366272 



Bl 02-04-2002 



For more details about this annex : sea Official Journal of the European latent Office, Mo. 1 2/82 



16 



EP1 376 316A1 



ANNEX TO THE EUROPEAN SEARCH REPORT 

ON EUROPEAN PATENT APPLICATION NO. EP 02 25 4458 



This annex fists the patent family members reiatino to the patent documents cited tn the above-menUor.ed European search report 
The members are as contained in the European Patent Office EOP file on 

The European Patent OfTce is in no way Cable for these particulars which are merely given for the purpose of information. 

07-11-2992 



Patent document 
cited in search rcpon 



Publication 
date 



Patent family 
member(5) 



Publication 
date 



US 6366272 


BI 


US 


2901030658 Al 


18-10-2001 






US 


5907487 A 


25-05-1999 






US 


5929697 A 


27-07-1999 






US 


6169540 Bl 


02-01-2001 

VX bWX 






US 


2Q021O9668 Al 


15-08-2002 

X«/ WU bVWb 






US 


2002138562 Al 


26-09-2002 






US 


6101530 A 


08-08-2000 






us 


6161176 A 


XC XC CK/UKf 






us 


6317116 Bl 

yffJXi X x\j u X 


13-11-2001 

XJ XX cwux 








6^()lfi^0 R1 

yJJyj^O'JKf Ox 


U«J \JO CKJvC 






MO 




?^ -HQ-IQQQ 

CX 






us 


6078308 A 


20-06-2000 






us 


2602053978 Al 


02-05-2607 


US 5959613 


A 28-09-1999 


us 


5734373 A 


31-03-1998 






EP 


0951714 A2 


27-10-1999 






wo 

nv 


9824180 A2 








us 


6278439 81 

Ub/ 0*t J7 OX 








us 


6411276 Bl 


75-66-7667 






CA 


2233136 Al 


03-94-1997 






CA 


2239125 Al 


12-06-1997 






EP 


0852789 Al 


15-07-1998 






EP 


0864144 A2 


16-09-1998 






wo 


9721160 A2 


12-06-1997 






JP 


11514469 T 


07-12-1999 






us 


6271833 Bl 


07-08-2001 






us 


6219033 Bl 


17-04-2001 






us 


2002126091 Al 


12-O9-2Q02 






wo 


9712357 Al 


03-04-1997 






US 


6348911 Bl 


19-02-2002 






US 


6366272 Bl 


02-04-2002 






US 


6219032 Bl 


17-04-2001 






US 


5691898 A 


25-11-1997 






US 


6028593 A 


22-82-2000 






US 


2902054021 Al 


09-05-2002 






US 


2001002126 Al 


31-05-2001 






US 


2001030658 Al 


18-10-2001 






us 


5907487 A 


25-05-1999 






us 


5929607 A 


27-07-1999 






us 


6147674 A 


14-11-2000 






us 


6169S40 Bl 


02-01-2001 






us 


2002021283 Al 


21-02-2002 


wo 013376Q 


A 1O-G5-20Q1 


us 


6411276 Bl 


25-06-2002 






AU 


3789301 A 


14-05-2001 






DE 


20080263 Ul 


28-02-2002 



i 

SB 

ui For more details about this annex : see Official Journal of the European Patent Office, No. 1 2JB2 



17 



EP 1376 316 A1 



ANNEX TO THE EUROPEAN SEARCH REPORT 

ON EUROPEAN PATENT APPUCATION NO. EP 02 25 4458 



This annex lists the patent family members relating to the patent documents cited in the atwve- mentioned European search report. 
The members are as contained in the European Patent Office EDP fDe on 

The European Patent Office is in no way liable for these paniculars which are merely given for the purpose of information. 

07-11-2002 



Patent document 
cited in search report 



Publication 
date 



Patent famSy 
member(s) 



Publication 
date 



WO 0133768 



EP 
WO 



1157339 A2 
0133768 A2 



28-11-2001 
10-05-2601 



For more detaHs about this annex : see Official Journal of the European Patent Office. No. 12/B2 



18 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the appHcant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 
^BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



